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Accepted 14 August 2014Pain and infertility comprise a major part of the array of
symptoms among patients suffering from endometriosis. However,
the mechanism bywhich endometriosis acts as an etiological factor
of infertility is still to be deciphered.
Approach to a patient with severe forms of endometriosis varies
from laparoscopic cystectomy/ablation alone to cystectomy/abla-
tion in conjunction with a long-acting gonadotropin-releasing
hormone analog.
To provide an update on contemporary treatment protocols, we
studied the patients undergoing in vitro fertilization (IVF) and
intracytoplasmic sperm injection (ICSI) in various stages of endo-
metriosis. Various outcomes were studied in patients with
endometriosis-related infertility undergoing IVF by the long or
extended downregulated protocol, to achieve an outcome for
contradictory management of endometriosis-related infertility and
maximize conception in these patients.
This retrospective study was conducted at IVF & Reproductive
Biology Centre, Department of Obstetrics and Gynecology, Maulana
Azad Medical College and associated Lok Nayak Hospital, New
Delhi, India. Women (n ¼ 413; mean age ± standard deviation:
31.6 ± 4.8 years) went through IVF/ICSI cycles betweenMarch 2008
and December 2012. Out of these, 34 (8.6%) patients diagnosed
with endometriosis and 161 (38.9%) with tubal factor infertility,
conﬁrmed by laparoscopic chromopertubation, were enrolled for
IVF subsequently. We diagnosed endometriosis by visualization of
implants and/or cysts on laparoscopy and further conﬁrmed it by a
histopathological biopsy. Endometriosis in these patients had also* Corresponding author. Dr. Sudha Prasad, IVF & Reproductive Biology Centre,
Maulana Azad Medical College, 2-Bahadur Shah Jafar Marg, New Delhi 110002,
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Society Classiﬁcation [1]. Later, we performed cystectomy, adhe-
siolysis, and cauterization of the implants wherever possible. Three
patients of Stage IV had very poor ovarian reserve post endo-
metriotic cystectomy/ablation, and were excluded from the study
and counseled to participate in the oocyte donor program. Out of
these conﬁrmed 31 endometriotic patients, eight were of Stage I
endometriosis, two belonged to Stage II, six to Stage III, and 15 to
Stage IV. These patients were subjected to pituitary suppression
with GnRH agonist (GnRH-a) protocol for the IVF program. Stage I
patients were downregulated with short-acting leuprolide,
whereas those with Stage II had a single dose of long-acting GnRH-
a in depot form. Patients with Stages III and IV received three doses
of GnRH-a depot.
In Stage I, the short-acting GnRH-a leuprolide acetate 1.0 mg/
day (inj. Luperide; Sun Pharmaceutical Ind. Ltd., Halol, Baroda,
Gujrat, India) was administered in the midluteal phase of the pre-
vious cycle. In case of Patients with Stage II endometriosis, a single
injection of Goserelin acetate 3.6 mg in depot form (Zoladex; Astra
Zeneca, Luxembourg) was administered subcutaneously after
laparoscopic treatment, whereas Stage III and IV patients received
three injections of Goserelin acetate 3.6 mg subcutaneously every
28 days.
To compare the endometriotic group, we enrolled 31 odd age-
matched patients of tubal factors as controls by using a computer-
generated list. After pituitary desensitization (E2 level < 50 pg/mL),
recombinant follicle-stimulating hormone (FSH) and/or human
menopausal gonadotropin (recombinant human FSH, inj. Folligraf;
and human menopausal gonadotropin, inj. Humog; Bharat Serums
and Vaccines Ltd, Ambernath, Mumbai, India) was used at doses
ranging between 225 IU/d and 450 IU/d, in accordance with body
mass index, patient age, size and number of follicles, and E2 levels.
These doses were modiﬁed according to folliculometry and serum
estradiol concentration. Human chorionic gonadotropin (10,000 IU,
Fertigyn; Sun Pharmaceutical Ind. Ltd., Halol, Baroda, Gujrat, India)
was administered intramuscularly when at least two follicles
reached a mean diameter of 18 mm. Oocyte retrieval was per-
formed 34e35 hours after human chorionic gonadotropin injection
under transvaginal ultrasound. ICSI was performed in cases of poorby Elsevier Taiwan LLC. All rights reserved.
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ization in previous cycles. Fertilization rate was deﬁned as the ratio
of zygotes with two pronuclei observed 18e22 hours after insem-
ination to the number of oocytes inseminated. Embryos were
scored using a classiﬁcation system comprising cleavage stage,
variation of blastomere size, shape, fragmentation, and also mul-
tinucleation. Embryos were classiﬁed into four classes, from class 1
(high quality) to class 4 (low quality); class 4 embryos were not
transferred. After 3e5 days of oocyte retrieval, a maximum of two
to three high-quality embryos were transferred under ultrasound
guidance. Luteal support was provided in all patients with pro-
gesterone (50 mg, intramuscularly) in oil on alternate days and
micronized progesterone vaginal capsules 800 mg (Cap. Susten;
Sun Pharmaceutical Ind. Ltd., Halol, Baroda, Gujrat, India) daily in
two divided doses for the next 14 days after embryo transfer pro-
cedure. For conﬁrmation of pregnancy, a urine pregnancy test was
conducted and serum beta human chorionic gonadotropin levels
were estimated on the 14th day.
Patient characteristics and ovarian stimulation parameters are
shown in Table 1. Women in the two groups (endometriosis-related
infertility and tubal factor groups) were comparable in terms of age,
body mass index, Day 3 FSH level, Day 3 antral follicle count, and
the FSH to luteinizing hormone (LH) ratio.
It was observed that the patients in the tubal factor group used a
lesser amount of gonadotropins, but duration of the stimulationwas
comparable. This group further attained higher peak E2 (estradiol)
and P4 (progesterone) levels than women with endometriosis.
However, the progesterone to estradiol ratio was higher in the
endometriosis group than in the tubal group. The endometrial
thickness on the day of trigger, and the number of follicles > 15mm
in size and their subsequent fertilization percentage as depicted by
the two pronuclear stages were signiﬁcantly higher inwomenwith
tubal factor as compared to those with endometriosis. However,
even though the pregnancy rate in both groups was almost the
same. The pregnancy rate in the tubal factor group was 32.2% (10/
31) as compared to 29.8% (9/31) in the endometriotic group.
The main ﬁndings of our study was that women with Stage I
endometriosis and those with Stages IIeIV post GnRH-a depot
administration had comparable pregnancy rates in fresh embryoTable 1
Comparison between endometriosis-related infertility and tubal factor groups.
Parameters Endometriosis
(mean ± SD)
Tubal
(mean ± SD)
p
No. of patients 31 31
Age 30.44 ± 0.663 30.10 ± 0.543 0.171
Duration of infertility 6.19 ± 3.820 6.63 ± 2.48 0.483
BMI 24.63 ± 3.213 23.85 ± 3.081 0.986
Recombinant
gonadotropins (IU)
1796.09 ± 184.71 1563.71 ± 188.04 0.425
hMG (IU) 183.02 ± 157.15 1447 ± 234.62 0.03
Days of stimulation 9.28 ± 3.185 10.9 ± 0.312 0.023
Day 3 AFC 8.75 ± 0.774 8.10 ± 0.515 0.049
FSH 6.23 ± 2.081 6.234 ± 2.0810 0.489
FSH to LH ratio 1.92 ± 1.493 1.83 ± 1.73 0.423
Total no. of oocytes 7.59 ± 4.8 11.23 ± 8.31 0.022
E2 levels on the day of
trigger
1810.46 ± 1688.84 2078.44 ± 1605.18 0.957
P4 levels on the day of
trigger
1.07 ± 1.122 1.39 ± 1.39 0.206
P4 to E2 ratio 4.09 ± 5.023 1.87 ± 5.33 0.068
ET (on trigger day) 9.44 10.14 0.008
Fertilization rate 50.9 ± 0.620 78.7 ± 0.920 0.105
Fertilization percentage 66.71 ± 2.37 80.84 ± 6.83 0.009
Clinical pregnancy (%) 25.8 29.03 0.289
AFC ¼ antral follicle count; BMI ¼ body mass index; ET ¼ endometrial thickness;
FSH ¼ follicle-stimulating hormone; hMG ¼ human menopausal gonadotropin;
LH ¼ luteinizing hormone; SD ¼ standard deviation.transfer during the IVF/ICSI cycles to women with tubal factor
infertility, even after adjusting for confounding factors (25.8% in the
endometriosis group vs. 29.03% in the tubal group). The fertilization
rate was signiﬁcantly lower in the endometriosis group than that in
the tubal infertility group.
A meta-analysis of 22 published studies by Barnhart et al [2]
concluded that endometriosis interferes with all aspects of the
reproductive process, and therefore the pregnancy rate was much
lower than the tubal factor infertility. However, our ﬁndings were
contradictory to the reports in the past and even to the recom-
mendations by the European Society of Human Reproduction and
Embryology on IVF treatment in endometriosis.
According to the Society for Assisted Reproductive Technology
2004e2008, a study was conducted on > 23,000 assisted repro-
ductive technique cycles with fresh endometrial thickness in
infertile women with endometriosis, which was compared with all
other indications for IVF. A total of ~450,000 cycles showed that in
all age strata, implantation and live birth rates were similar in
women with endometriosis compared to those in couples with
other infertility causes [3].
Despite severe degrees of an associated endometriosis, both the
tubal and the endometriosis groups had similar baseline FSH levels
and antral follicle counts (Table 1). This was in concurrence with
other studies [4].
The fertilization rate in the endometriosis group was signiﬁ-
cantly lower as compared to the tubal factor group. In contrast to
our ﬁndings, in a retrospective study in 2007 by Wu et al [4], a
signiﬁcantly lower total number of oocytes and mature oocytes
were retrieved, and no signiﬁcant difference in the fertilization rate
between the endometriosis and the tubal factor groups was seen.
Measurement of serum progesterone and estrogen in the mid-
luteal phase has been tried to calculate the ratio between E2 and P4
hormones as a marker for endometrial receptivity, to subsequently
predict the occurrence of successful clinical pregnancies in IVF
cycles. Tajima et al [5] found that midluteal P4/E2 ratios were
signiﬁcantly different between conception cycles and non-
conception cycles. However, the results of other studies were
contradicting [6,7]. The P4/E2 ratio observed in the endometriotic
group was higher than that in the tubal factor group in our study.
Endometriosis did not adversely affect pregnancy and live birth
rates, which is in line with the observations from large databases
such as SART [8].
Luteal phase downregulation with GnRH-a treatment is shown
to be superior to non-GnRH analog regimens in endometriosis
[9,10]. Surgical management of Stages III and IV of endometriosis
has been shown to have a detrimental effect on the ovarian reserve
and IVF outcomes [4].
Therefore, there is a need for a well-determined, less invasive
form of treatment that does not hamper the ovarian reserve and
improves IVF pregnancy rate. With judicious patient management,
the rate of clinical pregnancy in the endometriotic-related infer-
tility patients can be equated to tubal factor infertility. Patients with
Stages II, III, and IV endometriosis should be administeredwith one,
two, and three doses of GnRH-a depot, respectively, after laparo-
scopic management to improve the outcome of IVF.Conﬂicts of interest
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